Abstract: Enzymatic transesterification by using lipase as catalyst has become more attractive for the production of biodiesel due to easy separation of products such as glycerol and fatty acid esters. Comparative studies of enzyme catalyzed transesterification of three less attended non edible oils (jatropha, karanja and putranjiva) have been discussed. The maximum yield has been obtained at 3:1 molar ratio of methanol and oil at 40°C and 8hrs reaction time. The percentage of conversion has been analyzed by Gas chromatography and 400 MHz 1 H NMR. It has been observed that degummed vegetable oil gives higher conversion in transesterification reaction than straight vegetable oil. Secondary alcohol gives better result than methanol for the production of biodiesel due to its higher miscibility nature in oil.
INTRODUCTION
Biodiesel is defined as fatty acid methyl esters produced from vegetable oils or animal fats to be used as alternative diesel fuel. Biodiesel, a renewable fuel [1, 2] made by transesterification of vegetable oil with alcohol, is becoming more readily available for blending with conventional diesel fuel for use in transportation applications. Soybean and Rapeseed oils are common feed stocks for biodiesel production in USA and Europe, respectively. Demand of biodiesel has increased significantly for higher escalation of petroleum price. In developing countries, the price paid for petrol, diesel and petroleum products now dominates over all other expenditures and forms a major part of country's import bill. Biodiesel is one of the renewable energy sources that can readily replace fossil fuels, while helping to reduce greenhouse gas emissions, promoting sustainable rural development, improvement of income distribution. Furthermore, the resulting substitution of current energy imports, mainly gasoline and diesel, is important for economic and national security reasons.
Production of biodiesel can be done by non-enzymatic (acid or alkali) and enzymatic processes. Enzymatic transesterification of triglycerides by lipase (3.1.1.3) is a good alternative process over the chemical process due to its ecofriendly, selective nature, low temperature requirement and easy product separation. Lipase breaks down the triacylglycerol into free fatty acids and glycerol that exhibit maximum activity at the oil-water interface. Under low water conditions, the hydrolysis reaction is reversible, i.e. the ester bond is synthesized rather than hydrolyzed. Nag reported [3] efficiently catalyzed transesterification of various triglycerides and soybean oil in dry ethanol using celite immobilized commercial Candida rugosa lipase and *Address correspondence to this author at the Department of Chemistry, Indian Institute of Technology, Kharagpur, India; Tel: +91-3222-281900; Fax: +91-3222-255303; E-mail: ahinnag@chem.iitkgp.ernet.in its isoenzyme (lipase 4). Similarly Kaieda et al. [4] produced biodiesel from soybean oil and methanol using Rhizopus oryzae lipase as catalyst. Oda et al. [5] reported the methanolysis of the same oil using immobilized (on porous biomass support particles) Rhizopus oryzae lipase. Noureddini et al. [6] treated vegetable oil with methanol in presence of immobilized (on celite) enzyme Pseudomonas cepacia and yielded 67% biodiesel. The enzymatic transesterification of cottonseed oil was studied by Royon et al. [7] using immobilized Candida antarctica lipase as catalyst in t-butanol solvent. Du et al. [8] reported the production of biodiesel from soybean oil and methyl acetate in presence of lipase (Novozym 435). Kumar et al. [9] discussed the importance of non-edible oil Jatropha curcus as biodiesel production. Shah et al. [10] produced biodiesel from jatropha by enzyme in a solvent free system.
Gummy materials that present in vegetable oils inhibit the rate of enzymatic reaction. Viscosity plays another important factor for the production of biodiesel. In the present paper we have compared the production of biodiesel from three straight and degummed non-edible vegetable oils (jatropha, karanja and putranjiva) by enzymatic transesterification. We have also compared the viscosity of above mentioned three degummed oils with the straight vegetable oils. Karanja and putranjiva seeds give higher percentage of vegetable oils (33% m/m of dry kernels) but they are still unexplored for the use as biodiesel like jatropha.
MATERIALS AND METHODS

Materials
Jatropha, karanja and putranjiva seeds have been collected from Arabari forest (Midnapur, West Bengal, India) and the oils are obtained from seed kernel by mechanical pressing. Candida antartica lipase is purchased from SigmaAldrich Chemical Co, St. Louis, USA. Methanol, propane 2-ol and hexane of analytical grade are used without being furthermore purification (E. Merck, Mumbai, India).
Methods
a) Fuel Properties Measurement
The physical and chemical properties of pure Karanja, Jatropha & Putranjiva oils and their fatty acid methyl esters are measured and tabulated in Table 1 
b) Analysis of Fatty Acid Composition by Gas Chromatography (GC)
The fatty acid compositions of three non-edible vegetable oils have been analyzed by a CN10543004 Gas Chromatography with a flame-ionization detector. The used capillary has a length of 30 m with an internal diameter of 0.25 mm. Carrier gas is nitrogen at a flow rate of 1 ml/min. The injec- tion port temperature is 150°C and ionization detector temperature is 170°C. The result of fatty acid compositions of three oils have shown in Table 2 . On comparative studies of three oils we have found that the domination of methyl esterified compounds are methyl oleate, methyl stearate, methyl linolate and methyl palmitate.
c) Enzyme Catalyzed Transesterification
Methanol and non-edible vegetable oil have been taken in a screw-capped conical flask. To this mixture, 10 ml of hexane and 100 mg of enzyme (Candida antartica lipase) as a catalyst have been added and incubated with constant shaking at 250 rpm. The reaction condition has been optimized by carrying out different sets of experiments with varying of alcohol to oil molar ratio, temperature and reaction time. The product formation has been monitored by thin layer chromatography (TLC). At the end of reaction, the content has been shaken with hexane (30 ml) and the enzyme is separated by filtration. The reaction mixture is washed with distilled water to remove the glycerol and excess methanol. The ester phase is then dried by using anhydrous sodium sulphate. Hexane is removed by keeping the dried sample in the open air for three to four days. The quantification of ester has been done by 400 MHz 1 H-NMR spectra.
RESULTS AND DISCUSSION
The molar ratio of methanol to vegetable oil is one of the most important variables that affecting the yields of methyl ester formation. The stoichiometry of the transesterification reaction is that three molecules of methanol react with one molecule of vegetable oil. The effect of molar ratio of methanol to vegetable oil has been studied in the range from 1:1 to 5:1 at temperature 40°C and 8 hrs respectively. The resulting methyl esterified product has been analyzed by 400 MHz 1 HMHz 1 H-NMR spectra. The percentage conversion has been calculated from the NMR spectra (Fig. (1) , (2)) by considering the peak at =3.6 (due to -CH 3 ester proton) and =2.3 (due to methylene proton). The percentage conversion is equal to (2*A =3.7 / 3*A =2.3 )*100, where (A) is the integrated peak area at different chemical shift.
To determine the optimum temperature for conversion of methyl ester, the reaction has been carried out at different temperatures with a fixed molar ratio of methanol and oil (3:1). The maximum conversion has been achieved at 40°C which is considered as optimum temperature for product formation. The effect of reaction time has been determined by carrying out the reaction at different time with a fixed molar ratio of methanol and oil (3:1) and constant temperature (40°C). The ester yield increased with increase in time and the maximum yield gives at 8 hours reaction time. The percentage of conversion to product of jatropha, karanja and putranjiva oils are shown in Table 3 .
We have degummed the oils by treating with different percentage of sulphuric acid for 2 hrs. The treated oil has been purified by charred saw dust. Degumming by acid treatment lowers the viscosity of straight vegetable oils. The kinematic viscosities of degummed vegetable oils in various acids concentration at 40°C are shown in Fig. (3) . Karanja oil of 4% m/m acid treating shows the lowest viscosity where as jatropha and putranjiva both shows the lowest viscosity at 1% m/m acid treatment.
Transesterification are also carried out of degummed oils by methanol. It has been observed that percentage conversion of degummed oils to the product is increased by 14%, 12% and 8% in case of jatropha, karanja and putranjiva (Table 3). Hence phospholipids, carotene, protein etc gummy materials present in straight vegetable oil may inhibit the Fig. (3) . Kinematic Viscosity vs. acid concentration of Jatropha, Karanja and Putranjiva oil at 40 o C. Kinematic Viscosity (cSt)
Acid Concentration (%) Jatropha Karanja Putranjiva alcoholysis reaction. This is due to interaction of the lipase molecule with gummy substrates. Usually some short chain alcohols like methanol have been adopted as the acyl acceptor for biodiesel production. However, excess methanol would lead to the inactivation of enzyme. Glycerol, as a major byproduct, lowers also the enzymatic activity. The lipase becomes inactivated seriously in the presence of one equivalent mole of methanol in the reaction medium. The reason for the low conversion of methyl ester is the poor miscibility of triacylglycerol (TAG) with methanol which exists as droplets in the oil and being polar in nature gets adsorbed by the lipase, thereby blocks the entry of triacylglycerols, causing the reaction to stop.
The activity of lipase that is deactivated by methanol [3] can be restored to a certain extent by treating the enzyme with secondary alcohol such as propan-2-ol. It has been observed that propan-2-ol used as an acyl acceptor so as to bring the enzymatic approach to biodiesel production from straight vegetable oils of jatropha and karanja. The conversions are achieved by using propan-2-ol are 72% and 45% m/m from straight jatropha and karanja oils respectively. The appearance of the signal at (5.0 ppm, septet) and the disappearance of the hydrogen signals of the TAG backbone (4.1-4.3 ppm, multiplet) confirms the formation of 2-propyl esters. On comparison of propan-2-ol and methanol, propan-2-ol displays better miscibility in oil and is less polar (polarity index being 3.9 and 5.1 for propan-2-ol and methanol respectively) than methanol. Thus propan-2-ol is a promising acyl acceptor for the production of biodiesel by lipase catalyst as it has no negative effect on the lipase activity.
